Structure-activity relationship of minoxidil analogs as inhibitors of lysyl hydroxylase in cultured fibroblasts.
The structural features that confer upon minoxidil the ability to suppress lysyl hydroxylase activity in human skin fibroblasts were investigated. Substitution of the amino group in position 2 or 6 of the pyrimidine ring with a methyl group had no significant effect on the inhibitory activity of minoxidil, whereas substitution of both amino groups with methyl groups resulted in a complete loss of inhibitory activity. Together, these observations indicate that only one of the two amino groups ortho to the nitroxide oxygen is essential for the enzyme-suppressing effect of minoxidil. Derivatives of minoxidil formed by hydroxylation at position 3 or 4 of the piperidine ring were as active as the parent compound in suppressing lysyl hydroxylase activity. However, replacement of the piperidinyl group in position 4 of the pyrimidine ring with a pyrrolidinyl, morpholinyl, or N-methylpiperazinyl group resulted in loss of inhibitory activity, demonstrating that the piperidinyl group para to the nitroxide oxygen is essential for the enzyme-suppressing effect of minoxidil. Removing the nitroxide oxygen from position 1 of the pyrimidine ring resulted in a partial loss of the specificity of minoxidil for suppression of lysyl hydroxylase activity. The results indicate that distinct structural elements determine the enzyme-suppressing effect and the antihypertensive effect of minoxidil.